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The behavior of white-tailed deer with respect to observed weather conditions has been considered by several investigators. Observed responses of the animals have been assumed by some to be causally related to existing weather conditions, or perhaps to the microclimate surrounding the animal. An elucidation of these relationships is, indeed, a worthy goal for the animal ecologist. I suggest, however, that without a quantitative application of appropriate heat transfer parameters, it may be difficult to separate behavioral responses caused by weather conditions from those which may be related to social or psychological phenomena.
The basic concept of energy, the means by which energy is transferred, and the energy environment of plants are discussed by Idso et al. (1966) This paper describes the radiant energy loss in relation to air temperature from the trunks of two well-fed white-tail fawns measured remotely in an outdoor pen during winter months. Measurements of radiation flux under clear skies at night in a nearby open field, upland hardwood stand, and cedar (Thuja occidentalis) habitats are also presented. The radiation data can be applied to the whole animal and integrated with other sources of heat loss (conduction, convection, and evaporation) if the radia-tion profile of the animal is known or assumed.
Research was completed at the Cedar Creek Natural History Area (T34N, R23W) 
METHODS
Radiation measurements were made on two female fawns with a portable radiometer ( 
RESULTS
Radiant heat loss from the two animals in relation to observed air temperatures is shown in Fig. 2 . Since radiant heat loss from any object is described by eiaT4, one can determine the surface temperature if the emissivity of the target is known. Hammel (1956) has shown that it is 0.98 to 1.00 for the fur of several mammals. Assuming the emissivity of deer hair is 1.00, surface temperatures can be determined by 1/Qt/Q (Fig. 3) sors were in direct contact with the hair. Thus the temperature is representative of the portion of the surface which is "seen" by the radiometer, and is an integration of the vertical and horizontal temperatures of the entire target area. Heat loss by radiation from any object decreases as the surface temperature declines since the radiation emanating from any object is given by the product of its emissivity (ei), the fourth power of its absolute temperature (T4), and the StefanBoltzmann constant (a). As the air temperature decreases, so also does the temperature of the animal surface, since heat is removed by convection. The surface temperature varies with air temperature to an extent dependent on the efficiency of the geometric surface as a convective heat transfer agent.
The difference between surface temperature and air temperature (Fig. 3) is a re- flection of the efficiency of the hair as a barrier to heat flow. If the hair were a perfect insulator, its thermal conductivity would be zero and no heat flow could occur. The data show that the surface temperature was 6.6 C higher than air temperature at 0 C, with an increasing divergence between the two as the air temperature dropped. This increasing difference is important because the rate of convective heat transfer is dependent not only on the efficiency of a geometric surface as a heat transfer agent but also on the difference between the surface temperature of the convector and air temperature. Thus the trunk of a deer will lose more heat by convection at -30 C than at 0 C, but less heat by radiation.
The deer is not, however, the only consideration in analyzing heat transfer occurring between animal and environment. Bedwell (1961) has demonstrated cooling by radiation from dairy cattle to a "heat sink" simulating the cold night sky. The data in Fig. 4 show distinct differences in downward radiation under different cover types. If one compares the rates in kcal m-2hr-1 between the radiation from the cover and that from the deer at the same air temperature, it is clear that the net radiation loss would be greater when the animal surface is exposed to the clear night One must also be cognizant of the distribution of thermal radiation in the cover types in which an animal is found. In an open field, the lowest quantity of radiation is received from the sky overhead, with increasing amounts toward the horizon. For purposes of calculation, one can simplify the energy distribution by assuming that one-half of a standing animal is exposed to radiation from above, and one-half from below (Blaxter 1962).
Physiological evidence indicates that radiation, both solar and thermal, is of importance to an animal at both the upper and lower limits of heat tolerance. Hamilton and Heppner (1967) demonstrated that oxygen consumption is higher for white zebra finches (Poephila castanotis) exposed to an artificial source of solar radiation than for those that are dyed black. Increased thermal radiation reduced the heart rate of humans when they were in a cool environment, but increased it if they were in a warm or hot environment (Suggs 1965). Animal shelters designed to alleviate heat stress are most efficient when they protect the animal from the sun but allow exposure to the clear sky with its low radiant temperature. The use of infrared radiation for brooding chicks and hogs was suggested by Nicholas (1948).
The measurement of appropriate thermal energy parameters and their application to domestic species in their rather simplified environment is, to be sure, a complex problem. The problem as it relates to wild species in the natural environment is vastly more complex. Only after the energy relationships are quantified, however, can the game manager separate those characteristics of the environment which are a physiological necessity from those which may be merely preferred, or are a psychological requirement. It has been suggested, for example, that the yarding habit of deer may be a response to cold weather. Data presented in this paper clearly show a greater amount of thermal energy present in cedar cover than in an open field or an upland hardwood stand. This does not mean, however, that the animal needs the ameliorated environment of a cedar swamp. The quantity of heat lost by the animal must be balanced against the heat produced by metabolic processes. Each of the major factors contributing to heat loss, including conduction, convection, radiation, and evaporation, must be considered as well as differences in the amount of heat produced by the animal on different diets and at different levels of activity. Thus the game manager is forced to distinguish between both the quantity and quality of food and cover on a range and their combined energetic effects on the physiological response of the animal. My own observations, described in Moen (1966), indicate that deer in the agricultural habitats of western Minnesota do not always seek heavier cover during extremely cold winter weather. To illustrate, air temperatures did not rise above -18 C for an entire week in January, 1966. The deer, however, continued to bed in the open fields and feed on corn, soybeans, and dry sweet clover herbage. Data indicate that this was possible, from an energetic standpoint, because the diet supplied an adequate quantity of metabolizable energy, but deer on a range with depleted food quality or quantity may require heavier cover to maintain a positive energy balance. It must be emphasized, however, that thermal energy emanating from the cover can only serve to reduce heat loss; sufficient food must be available for basal energy requirements and for the activity of the animal. Thus food must be considered the basic requirement, and cover becomes physiologically important only when its presence is necessary to maintain a positive energy balance.
